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FIG. 24
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Fi(a, 24

FIG. 25
(PRIOR ART)
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DEVELOPING METHOD,
COMPUTER-READABLE STORAGE

MEDIUM AND DEVELOPING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a Divisional Application of U.S. patent application
Ser. No. 14/953,109, filed Nov. 27, 2015, claiming benefit
from Japanese Patent Application Nos. 2014-243139 and
2015-212830, filed on Dec. 1, 2014 and Oct. 29, 2015,
respectively, 1n the Japan Patent Office, the disclosures of
which are incorporated herein 1n their entirety by reference.

TECHNICAL FIELD

The present disclosure relates to a developing method for
developing a substrate, on which a resist film 1s formed, and
forming a predetermined pattern on the substrate, a com-
puter-readable storage medium and a developing apparatus.

BACKGROUND

For example, in a photolithography process of a semi-
conductor device manufacturing process, a predetermined
resist pattern 1s formed on a watfer by sequentially perform-
ing, for example, a resist coating process of coating a resist
liquid on a semiconductor watfer (hereinatiter referred to as
a “waler”) as a substrate to form a resist film, an exposure
process ol exposing a predetermined pattern 1n the resist
film, a heating process (post-exposure baking process) of
promoting a chemical reaction within the resist film after the
exposure, a developing process of developing the exposed
resist film, and so forth.

As developing methods, there are known a method of,
while supplying a developing solution from a long nozzle
having a length substantially equal to a diameter of a watfer,
parallel-moving the nozzle from one end portion of the
waler toward the other end portion thereof, and a method of
supplying a developing solution onto a watfer rotating at a
high speed and diffusing the developing solution.

However, when the developing process 1s performed by
the long nozzle, a difference 1n the developing solution
contact time 1s generated 1n one end portion and the other
end portion of the wafer. Furthermore, even when the
developing solution 1s supplied to the center of the rotating
waler, a diflerence 1n the developing solution contact time 1s
generated 1n the central portion of the wafer and the outer
peripheral portion thereof. As a result, a variation in the line
width of the resist pattern subjected to the developing
process 1s generated within a wafer plane. Along with the
recent miniaturization of a resist pattern attributable to the
high integration of a semiconductor device, the variation in
the line width caused by the difference 1n the developing
time has become impermissible.

Thus, 1n order to uniformly perform a developing process
within a wafer plane, study has been made on a method of
using a developing solution supply nozzle (heremafter often
referred to as a “PAD nozzle”) having a liquid contact
surface, for example, parallel to a substrate. Specifically, a
developing solution 1s first supplied onto a substrate, which
1s not rotating, while securing a gap of a predetermined size
between the liquid contact surface of the developing solution
supply nozzle and the wafer, thereby forming a liquid film
of the developing solution between the developing solution
supply nozzle and the wafer. At this time, the developing
solution supply nozzle 1s positioned 1n the central portion of
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2

the substrate. Then, the waler 1s rotated at a low speed of
about 30 rpm. While continuing to supply the developing

solution from the developing solution supply nozzle, namely
while maintaining the liquid film of the developing solution
between the developing solution supply nozzle 300 and the
substrate, the developing solution supply nozzle 300 1s
moved to the outer peripheral portion of the waler W as
illustrated 1n FIG. 25. This makes it possible to supply the
developing solution QQ onto the entire surface of the water W
and to realize a uniform developing process within a wafer
plane.

From the viewpoint of improving the throughput of wafer
processing, 1t 1s preferred that the developing time 1s as short
as possible. However, according to the study conducted by
the present inventors, 1t was confirmed that if the developing
time 1s made short 1n a developing process which makes use
of a PAD nozzle, the points at which the line width of a resist
pattern does not become a desired value are spirally gener-
ated within a wafer plane, for example, as 1llustrated 1n FIG.
26. In FIG. 26, the line width of a resist pattern within a
waler plane 1s measured at multiple points on a shot-by-shot
basis and the degree of variation in the line width 1n each
shot 1s illustrated by color shading. In addition, FIG. 26
illustrates a case where the developing time 1s, for example,
30 seconds. However, 1t was confirmed that, 11 the devel-
oping time 1s 60 seconds, as illustrated in FIG. 27, the
tendency to become spiral 1s scarcely seen and the line width
within the waler plane 1s substantially uniform.

SUMMARY

Some embodiments of the present disclosure provide a
developing method and a developing apparatus capable of
improving the throughput of a developing process while
securing the in-plane uniformity of the developing process.

The present mventors have made extensive mvestigation
on the causes of variation in the line width spirally generated
when the developing time 1s shortened. As a result, the
present inventors have found that the spiral shape illustrated
in FIG. 26 1s attributable to the dissolved product generated
at an mitial stage of development. Furthermore, the reason
why the tendency of the spiral shape 1s not generated when
the developing time 1s about 60 seconds as mentioned above
1s considered to be that the developing time 1s sufliciently
secured and the influence of the dissolved product 1s rela-
tively small.

The present disclosure 1s based on this finding. According
to the present disclosure, a liquid pool of a diluted devel-
oping solution 1s first formed 1n a central portion of a
substrate. Then, the substrate is rotated to diffuse the liquid
pool of the diluted developing solution over the entire
surface of the substrate, thereby forming a liquid surface of
the diluted developing solution on the substrate surface. At
this time, a dissolved product 1s generated on the substrate
by the diluted developing solution. By rotating the substrate,
the dissolved product 1s removed from the substrate together
with the diluted developing solution. Then, a liquid film 1s
formed between the developing solution supply nozzle hav-
ing a liquid contact surface and the substrate. While con-
tinuing to supply the developing solution from the devel-
oping solution supply nozzle, the substrate 1s rotated and the
developing solution supply nozzle 1s moved from the central
portion of the substrate to the outer peripheral portion of the
substrate, thereby coating the developing solution on the
entire surface of the substrate. At this time, the developing
process 1s performed without being affected by the dissolved
product because the dissolved product has already been
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removed by the diluted developing solution. As a result,
even when the developing time 1s made shorter than that of
the prior art, 1t 1s possible to uniformly perform the devel-
oping process within a water plane. Therefore, according to
the present disclosure, it 1s possible to improve the through-
put of the developing process while securing the in-plane
uniformity of the developing process.

According to an embodiment of the present disclosure,
there 1s provided a developing method for supplying a
developing solution onto a substrate and developing a resist
film formed on the substrate and provided with a predeter-
mined exposed pattern, including: forming a liquid pool of
a diluted developing solution diluted with pure water 1n a
central portion of the substrate; after forming the liquid pool,
forming a liquid film of the diluted developing solution on
a surface of the substrate by accelerating rotation of the
substrate to diffuse the liquid pool of the diluted developing
solution on the entire surface of the substrate; and after
forming the liquid film, supplying the developing solution
onto the substrate. Supplying the developing solution
includes: supplying the developing solution from a devel-
oping solution supply nozzle having a liquid contact surface
while securing a gap having a predetermined size between
the developing solution supply nozzle and the substrate; and
moving the developing solution supply nozzle 1n a radial
direction passing through a center of the substrate while
forming a liquid pool of the developing solution between the
substrate and the liquid contact surface of the developing
solution supply nozzle.

According to another embodiment of the present disclo-
sure, there 1s provided a non-transitory computer-readable
storage medium which stores a program that operates on a
computer of a control part configured to control a develop-
ing apparatus so as to cause the developing apparatus to
perform the developing method.

According to still another embodiment of the present
disclosure, there 1s provided a developing apparatus for
supplying a developing solution onto a substrate and devel-
oping a resist film formed on the substrate and provided with
a predetermined exposed pattern, including: a substrate
holding part configured to hold a rear surface of the substrate
and to rotate the held substrate about a vertical axis; a
developing solution supply nozzle including a liquid contact
surface and a supply hole configured to supply the devel-
oping solution to the liqmd contact surface; a moving
mechanism configured to move the developing solution
supply nozzle; a pure water supply nozzle configured to
supply pure water onto the substrate; and another moving
mechanism configured to move the pure water supply
nozzle.

According to still another embodiment of the present
disclosure, there 1s provided a developing apparatus for
supplying a developing solution onto a substrate and devel-
oping a resist film formed on the substrate and provided with
a predetermined exposed pattern, including: a substrate
holding part configured to hold a rear surface of the substrate
and to rotate the held substrate about a vertical axis; a
developing solution supply nozzle including a liquid contact
surface and a supply hole configured to supply the devel-
oping solution to the liqmd contact surface; a moving
mechanism configured to move the developing solution
supply nozzle; a diluted developing solution supply nozzle
configured to supply a diluted developing solution onto the
substrate; and another moving mechanism configured to

move the diluted developing solution supply nozzle.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate embodi-
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4

ments of the present disclosure, and together with the
general description given above and the detailed description
of the embodiments given below, serve to explain the
principles of the present disclosure.

FIG. 1 1s a plan view 1llustrating the schematic configu-
ration ol a substrate processing system according to the
present embodiment.

FIG. 2 1s a front view 1llustrating the schematic configu-
ration of the substrate processing system according to the
present embodiment.

FIG. 3 15 a rear view illustrating the schematic configu-
ration of the substrate processing system according to the
present embodiment.

FIG. 4 1s a vertical sectional view illustrating the sche-
matic configuration of a developing apparatus.

FIG. 5§ 1s a horizontal sectional view illustrating the
schematic configuration of the developing apparatus.

FIG. 6 1s a perspective view 1llustrating the schematic
configuration of a developing solution supply nozzle.

FIG. 7 1s a flowchart explaining major steps of a waler
pProcessing process.

FIG. 8 1s a time chart 1llustrating the rotation speed of a
waler and the operations of respective parts 1n a developing
Process.

FIG. 9 1s a vertical sectional explanatory view illustrating
a state 1n which a liquid pool of pure water 1s formed on a
waler.

FIG. 10 1s a vertical sectional explanatory view 1llustrat-
ing a state in which a dilution-purpose developing solution
1s supplied onto the liquid pool of pure water.

FIG. 11 1s a vertical sectional explanatory view 1llustrat-
ing a state 1 which the diluted developing solution 1is
diffused toward the outer periphery of a water W by rotating
the water.

FIG. 12 1s a vertical sectional explanatory view 1llustrat-
ing a state in which a developing solution supply nozzle 1s
moved to above the central portion of the wafer.

FIG. 13 1s a vertical sectional explanatory view 1llustrat-
ing a state 1n which a liquid film of a developing solution 1s
formed between the lower end surface of the developing
solution supply nozzle and the wafer.

FIG. 14 1s a vertical sectional explanatory view 1llustrat-
ing a state 1n which the developing solution supply nozzle 1s
moved toward the outer periphery of the water while sup-
plying the developing solution.

FIG. 15 1s an explanatory plan view 1llustrating a state in
which the developing solution supply nozzle 1s moved
toward the outer periphery of the wafer while supplying the
developing solution.

FIG. 16 1s an explanatory view illustrating a variation in
a line width of a resist pattern when a developing process 1s
performed by a developing method according to the present
embodiment.

FIG. 17 1s a vertical sectional explanatory view 1llustrat-
ing a state in which the diluted developing solution 1is
directly supplied onto a resist film.

FIG. 18 1s a vertical sectional explanatory view 1llustrat-
ing a state 1n which the dilution-purpose developing solution
1s supplied by the developing solution supply nozzle.

FIG. 19 1s a vertical sectional explanatory view 1llustrat-
ing a state 1 which a liquid pool of the diluted developing
solution 1s formed by the developing solution supply nozzle.

FIG. 20 1s an explanatory view 1illustrating the schematic
configuration of a developing solution supply nozzle accord-
ing to another embodiment.
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FIG. 21 1s an explanatory view illustrating the schematic
configuration of a developing solution supply nozzle accord-
ing to still another embodiment.

FIG. 22 1s an explanatory view illustrating the schematic
configuration of a developing solution supply nozzle accord-
ing to still another embodiment.

FIG. 23 1s an explanatory view 1illustrating the schematic
configuration of a developing solution supply nozzle accord-
ing to still another embodiment.

FI1G. 24 1s a vertical sectional explanatory view 1llustrat-
ing a state 1n which the developing solution supply nozzle is
moved toward the central portion of the water while sup-
plying the developing solution.

FIG. 25 1s an explanatory plan view illustrating one
example of developing method which makes use of a PAD
nozzle.

FIG. 26 1s an explanatory view 1llustrating a variation in
a line width of a resist pattern.

FIG. 27 1s an explanatory view 1illustrating a variation in
a line width of a resist pattern.

DETAILED DESCRIPTION

Reference will now be made 1n detail to various embodi-
ments, examples of which are 1llustrated 1n the accompany-
ing drawings. In the following detailed description, numer-
ous specific details are set forth i order to provide a
thorough understanding of the present disclosure. However,
it will be apparent to one of ordinary skill 1n the art that the
present disclosure may be practiced without these specific
details. In other 1instances, well-known methods, procedures,
systems, and components have not been described in detail
so as not to unnecessarily obscure aspects of the various
embodiments.

FIG. 1 1s an explanatory view 1llustrating the schematic
configuration ol a substrate processing system 1 provided
with a developing apparatus which performs a developing
method according to the present embodiment. FIGS. 2 and
3 are, respectively, a front view and a rear view schemati-
cally 1illustrating the internal configuration of the substrate
processing system 1.

As 1llustrated 1n FIG. 1, the substrate processing system 1
has a configuration 1n which a cassette station 10 into and
from which cassettes C each accommodating a plurality of
walers W are loaded and unloaded, a processing station 11
provided with various kinds of processing apparatuses for
performing predetermined processes to the walers W, and an
interface station 13 configured to perform the delivery of
walers W between the processing station 11 and an exposure
apparatus 12 disposed adjacent to the processing station 11,
are integrally connected to one another.

A cassette mounting stand 20 1s installed 1n the cassette
station 10. A plurality of cassette mounting plates 21 con-
figured to mount the cassettes C when the cassettes C are
loaded and unloaded with respect to the exterior of the
substrate processing system 1 1s installed in the cassette
mounting stand 20.

In the cassette station 10, there 1s installed a water transter
device 23 which 1s movable along a transfer path 22 extend-
ing 1 an X direction as illustrated in FIG. 1. The wafer
transier device 23 1s also movable 1n an up-down direction
and about a vertical axis (1n a 0 direction). The water transfer
device 23 1s capable of transferring the waters W between
the cassettes C mounted on the respective cassette mounting,
plates 21 and a delivery device of a third block G3 of the
processing station 11 which will be described later.
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In the processing station 11, there 1s provided a plurality
of, e.g., four, blocks G1, G2, G3 and G4 which includes
various kKinds of apparatuses. For example, the first block G1
1s provided at the front side (at the X-direction negative side
in FI1G. 1) of the processing station 11. The second block G2
1s provided at the rear side (at the X-direction positive side
in FIG. 1) of the processing station 11. Furthermore, the
third block G3 1s provided at the cassette station 10 side (at
the Y-direction negative side in FIG. 1) of the processing
station 11. The fourth block G4 1s provided at the interface
station 13 side (at the Y-direction positive side 1n FIG. 1) of
the processing station 11.

For example, 1n the first block G1, as 1llustrated 1n FIG.
2, a plurality of liquid processing apparatuses, for example,
a developing apparatus 30 which subjects the water W to a
developing process, a lower antireflection film forming
apparatus 31 which forms an antireflection film (hereinafter
referred to as a “lower antiretlection film”™) on a lower layer
of a resist film of the water W, a resist coating apparatus 32
which forms a resist film by coating a resist liquid on the
waler W, and an upper antireflection film forming apparatus
33 which forms an antiretlection film (hereinafter referred to
as an “upper antiretlection film™) on an upper layer of a resist
film of the water W, are disposed 1n the named order from
below.

For example, three developing apparatuses 30, three
lower antireflection film forming apparatuses 31, three resist
coating apparatuses 32 and three upper antireflection film
forming apparatuses 33 are respectively disposed side by
side 1n the horizontal direction. The number and arrange-
ment of the developing apparatuses 30, the lower antireflec-
tion film forming apparatuses 31, the resist coating appara-
tuses 32 and the upper antireflection film forming
apparatuses 33 may be arbitrarily selected.

In the lower antireflection film forming apparatus 31, the
resist coating apparatus 32 and the upper antireflection film
forming apparatus 33, for example, spin coating which coats
a predetermined coating liquid on the water W 1s performed.
In the spin coating, for example, a coating liquid 1s ejected
from a coating nozzle onto the wafer W and 1s diffused on
the surface of the water W by rotating the wafer W.
Descriptions will be made later on the configuration of the
developing apparatus 30.

For example, 1n the second block G2, as 1llustrated 1n FIG.
3, there 1s provided a plurality of heat treatment apparatuses
40 to 43 which performs heat treatments such as heating and
cooling of the water W.

For example, in the third block G3, a plurality of delivery
devices 50, 51, 52, 53, 54, 55 and 56 15 sequentially provided
from below. Furthermore, 1n the fourth block G4, a plurality
of delivery devices 60, 61 and 62 1s sequentially provided
from below.

As 1illustrated in FIG. 1, a waler transfer region D 1s
formed 1n the area surrounded by the first block G1, the
second block (G2, the third block G3 and the fourth block
G4. In the waler transfer region D, there 1s disposed, for
example, a plurality of wafer transter devices 70 which
includes a transfer arm capable of moving in the Y direction,
the X direction, the 0 direction and the up-down direction.
The waler transier devices 70 are moved within the wafer
transier region D and are capable of transferring the waters
W to predetermined apparatuses disposed 1n the first block
(71, the second block (G2, the third block (G3 and the fourth
block G4 existing around the waler transfer region D.

Furthermore, 1n the wafer transfer region D, a shuttle
transfer device 80 which linearly transfers the water W

between the third block (G3 and the fourth block G4.
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The shuttle transfer device 80 1s linearly movable, for
example, in the Y direction 1 FIG. 3. The shuttle transfer
device 80 1s moved 1n the Y direction while supporting the

waler W and 1s capable of transferring the wafer W between
the delivery device 52 of the third block G3 and the delivery

device 62 of the fourth block G4.

As 1llustrated 1n FIG. 1, a wafer transfer device 100 1s
provided at the X-direction positive side of the third block
(3. The water transter device 100 includes a transfer arm
which 1s movable, for example, in the X direction, the O
direction and the up-down direction. The waler transfer
device 100 1s moved up and down while supporting the
waler W and 1s capable of transferring the wafer W to the
respective delivery devices disposed 1n the third block G3.

In the interface station 13, there are provided a waler
transfer device 110 and a delivery device 111. The waler
transfer device 110 includes a transier arm which 1s mov-
able, for example, 1n the Y direction, the 0 direction and the
up-down direction. The waler transier device 110 1s config-
ured to support the water W, for example, by the transier arm
and 1s capable of transferring the waler W between the
respective delivery devices of the fourth block G4, the
delivery device 111 and the exposure apparatus 12.

Next, descriptions will be made on the configuration of
the atorementioned developing apparatus 30. As illustrated
in FIG. 4, the developing apparatus 30 includes a processing
container 130, the interior of which 1s sealable. A loading/
unloading gate (not illustrated) for the water W 1s formed on
the side surface of the processing container 130.

A spin chuck 140 as a substrate holding portion for
holding and rotating the water W 1s installed within the
processing container 130. The spin chuck 140 may be
rotated at a predetermined speed by a chuck drive part 141
such as, e.g., a motor or the like. An up-down drive
mechanism such as, e.g., a cylinder or the like, 1s 1nstalled
in the chuck drnive part 141. Thus, the spin chuck 140 1is
movable up and down.

A cup 142 which recerves and recovers the liquid scat-
tering or dropping from the water W 1s installed around the
spin chuck 140. A discharge pipe 143 which discharges the
recovered liquid and an exhaust pipe 144 which exhausts the
internal atmosphere of the cup 142 are connected to the
lower surface of the cup 142.

As 1llustrated 1n FIG. 5, a rail 150 extending along the Y
direction (the left-right direction 1n FIG. §) 1s formed at the
X-direction negative side (the lower side 1 FIG. 5) of the
cup 142. The rail 150 1s formed to extend, for example, from
the outside of the cup 142 at the Y-direction negative side
(the lett side 1n FIG. §) to the outside of the cup 142 at the
Y-direction positive side (the right side in FIG. 5). For
example, three arms 151, 152 and 153 are 1nstalled 1n the rail
150.

A pure water supply nozzle 154 which supplies pure water
1s supported on the first arm 151. The first arm 151 1s
movable along the rail 150 by a nozzle drive part 155
illustrated 1n FIG. 5. Thus, the pure water supply nozzle 154
may move from a standby part 156 installed outside the cup
142 at the Y-direction positive side to a standby part 157
installed outside the cup 142 at the Y-direction negative side
through the upper side of the central portion of the water W
disposed within the cup 142.

A dilution-purpose developing solution supply nozzle 158
which supplies a dilution-purpose developing solution 1n a
first liquid pool forming step to be described later 1s sup-
ported on the second arm 152. The second arm 152 1s
movable along the rail 150 by a nozzle drive part 1359
illustrated 1n FIG. 5. Thus, the dilution-purpose developing
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solution supply nozzle 158 may move from a standby part
160 1nstalled outside the cup 142 at the Y-direction positive
side to the upper side of the central portion of the water W
disposed within the cup 142. The standby part 160 1is
installed at the Y-direction positive side of the standby part
156. As the dilution-purpose developing solution, it may be
possible to use, for example, tetra-methyl ammonium
hydroxide (TMAH) having a concentration of 2.38%.

A developing solution supply nozzle 161 which supplies
a developing solution 1s supported on the third arm 153
through a rotary drive mechamism 162. For example, as
illustrated 1n FIG. 6, the developing solution supply nozzle
161 has a cylindrical shape as a whole and includes a lower
end surface 161a, for example, parallel to the water W. The
lower end surface 161a serves as a liquid contact surface
which makes contact with a developing solution. The lower
end surface 161a need not be necessarily parallel to the
waler W but may have any shape capable of forming a liquad
film of a developing solution between the lower end surface
161a of the developing solution supply nozzle 161 and the
waler W 1 a developing solution liquid pool forming step
to be described later. For example, the lower end surface
161a may have a downwardly-bulging gentle spherical
surface shape or a slant surface shape. Furthermore, a supply
hole 1615 which supplies a developing solution 1s formed 1n,
for example, the central portion of the lower end surface
161a of the developing solution supply nozzle 161. The
diameter L of the developing solution supply nozzle 161 1is
set smaller than the diameter of the water W. Similar to the
developing solution supplied from the dilution-purpose
developing solution supply nozzle 138, the developing solu-
tion supplied from the developing solution supply nozzle
161 may be tetra-methyl ammonium hydroxide (TMAH)
having a concentration of 2.38%. In the present embodi-
ment, the diameter of the water W may be, for example, 300
mm and the diameter L of the developing solution supply
nozzle 161 may be, for example, 50 mm. In addition, the
developing solution supply nozzle 161 may be made of a
material such as, for example, polytetrafluoroethylene
(PTFE) or the like, which has a chemical resistance.

The rotary drive mechanism 162 supports the upper
surface of the developing solution supply nozzle 161 and
may rotate the developing solution supply nozzle 161 about
a vertical axis.

The third arm 153 1s movable along the rail 150 by a
nozzle drive part 163 as a moving mechanism 1llustrated in
FIG. 5. Thus, the developing solution supply nozzle 161
may move from a standby part 164 installed outside the cup
142 at the Y-direction negative side to the upper side of the
central portion of the waler W disposed within the cup 142.
The standby part 164 1s installed at the Y-direction negative
side of the standby part 157. The third arm 153 1s movable
up and down by the nozzle drive part 163 and 1s capable of
adjusting the height of the developing solution supply nozzle
161.

The configurations of other liquid processing apparatuses,
namely the lower antireflection film forming apparatus 31,
the resist coating apparatus 32 and the upper antireflection
film forming apparatus 33, are identical with the configu-
ration ol the above-described developing apparatus 30
except the diflerence 1n the shape and number of the nozzles
and the liquids supplied from the nozzles. Therelore,
descriptions on the configurations of other liquid processing
apparatuses will be omitted.

As 1llustrated 1 FIG. 1, a control part 200 1s 1nstalled 1n
the substrate processing system 1 described above. The
control part 200 1s, for example, a computer and 1includes a
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program storage part (not illustrated). A program which
controls the processing of the water W performed in the
substrate processing system 1 1s stored in the program
storage part. Furthermore, a program for controlling the
operations of the various kinds of processing apparatuses
and the drive systems such as the transier devices or the like
and for implementing a below-described delamination pro-
cess 1n the substrate processing system 1 1s also stored 1n the
program storage part. The aforementioned programs are
recorded in a computer-readable non-transitory storage
medium such as, for example, a computer-readable hard disk
(HD), a flexible disk (FD), a compact disk (CD), a magneto-
optical disk (MO), a memory card or the like and may be
installed 1n the control part 200 from the storage medium.

Next, descriptions will be made on a waler processing
process performed using the substrate processing system 1
configured as above. FIG. 7 1s a flowchart illustrating major
steps ol a waler processing process. Furthermore, FIG. 8 1s
a time chart 1llustrating the rotation speed of the wafer W
and the operations of the respective parts i the developing
process performed by the developing apparatus 30.

First, a cassette C which accommodates a plurality of
walers W therein 1s loaded 1nto the cassette station 10 of the
substrate processing system 1. The respective wafers W
accommodated 1n the cassette C are sequentially transferred
to the delivery device 53 of the processing station 11 by the
waler transier device 23.

Then, the water W 1s transferred to the heat treatment
apparatus 40 of the second block G2 by the waler transfer
device 70 and 1s subjected to temperature adjustment. There-
after, the water W 1s transterred to, for example, the lower
antiretlection film forming apparatus 31 of the first block G1
by the water transfer device 70. A lower antiretlection film
1s formed on the water W (Step S1 1n FIG. 7). Thereatter, the
waler W 1s transierred to the heat treatment apparatus 41 of
the second block G2 and is subjected to a heat treatment.

Subsequently, the wafer W 1s transiferred to the heat
treatment apparatus 42 of the second block G2 by the water
transier device 70 and 1s subjected to temperature adjust-
ment. Thereafter, the water W 1s transferred to the resist

coating apparatus 32 of the first block G1 by the wafer
transier device 70. A resist film 1s formed on the water W
(Step S2 1in FIG. 7). Thereaftter, the water W 1s transierred to
the heat treatment apparatus 43 and i1s subjected to pre-
baking.

Next, the water W 1s transierred to the upper antireflection
film forming apparatus 33 of the first block G1. An upper
antiretlection film 1s formed on the water W (Step S3 1n FIG.
7). Thereatter, the water W 1s transierred to the heat treat-
ment apparatus 43 of the second block G2 and 1s subjected
to a heat treatment. Thereafter, the water W 1s transferred to
the delivery device 56 of the third block G3 by the waler
transier device 70.

Then, the water W 1s transierred to the delivery device 52
by the wafer transier device 100 and 1s transierred to the
delivery device 62 of the fourth block G4 by the shuttle
transfer device 80. Thereafter, the water W 1s transferred to
the exposure apparatus 12 by the water transier device 110
of the interface station 13 and 1s exposed in a predetermined
pattern (Step S4 i FIG. 7).

Subsequently, the wafter W 1s transferred to the heat
treatment apparatus 40 by the water transfer device 70 and
1s subjected to post-exposure baking. Thus, the waler W 1s
subjected to a deprotection reaction by the acid generated 1n
the exposed portion of the resist film. Thereatter, the water
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W 1s transferred to the developing apparatus 30 by the wafer
transier device 70 and 1s subjected to a developing process
(Step S5 1n FIG. 7).

In the developing process, as illustrated in FIG. 9, a
predetermined amount of pure water P 1s first supplied to the
central portion of the wafer W, on which the resist film R 1s
formed, by the pure water supply nozzle 154 (time t, to t, 1n
FIG. 8). At this time, the pure water P 1s supplied in a state
in which the water W 1s not rotating. Thus, a liquid pool of
the pure water P 1s formed 1n the central portion of the water
W (Step T1 1n FIG. 7). Furthermore, at Step T1, the wafer
W need not be necessarily in the state of not-rotating. The
pure water P may be supplied while rotating the water W, as
long as the wafer W 1s rotated at such a low speed that the
liguid pool of the pure water P 1s formed in the central
portion of the wafer W.

Next, the supply of the pure water P 1s stopped. As
illustrated in FIG. 10, the dilution-purpose developing solu-
tion supply nozzle 158 i1s moved to the upper side of the
central portion of the water W. A predetermined amount of
dilution-purpose developing solution Q) 1s supplied on the
liquid pool of the pure water P (time t, in FIG. 8). Thus, the
dilution-purpose developing solution Q 1s diluted by the
pure water P existing on the water W. A liquid pool of a
diluted developing solution M 1s formed on the water W
(liquid pool forming step, Step T2 m FIG. 7). At this time,
the resist film R and the diluted developing solution M make
contact with each other. Thus, the resist film R 1s slightly
developed and a dissolved product U 1s generated. The
dissolved product U stays at the outer periphery side of the
liquid pool along with the flow of the diluted developing
solution M. In addition, the ratio of the supply amount of the
pure water P and the supply amount of the dilution-purpose
developing solution Q, namely the concentration of the
diluted developing solution M, is set such that, for example,
the concentration of tetra-methyl ammonium hydroxide
(TMAH) becomes lower than about 2.38%.

Next, the water W 1s accelerated to a first rotational speed
by the spin chuck 140 while continuing to supply the
developing solution from the dilution-purpose developing
solution supply nozzle 158 (time t, to t, 1n FIG. 8). Thus, as
illustrated 1n FIG. 11, the diluted developing solution M 1s
diffused from the center of the water W toward the outer
periphery thereof. As a result, a liquid film of the diluted
developing solution M is formed on the entire surface of the
water W (liquid film forming step, Step 13 1n FIG. 7). The
first rotational speed may be a speed at which the diluted
developing solution M 1s diffused toward the outer periphery
of the water W and 1s discharged to the outside of the wafer
W. For example, the first rotational speed in some embodi-
ments may be from 1,500 rpm to 2,000 rpm. In the present
embodiment, the first rotational speed 1s 1,500 rpm. Fur-
thermore, the acceleration at the time of accelerating the
waler W 1s, for example, 3,000 rpm/second.

If the liguid film of the diluted developing solution M 1s
formed on the wafer W, the resist film R 1s slightly devel-
oped on the entire surface of the water W. Thus, a dissolved
product U 1s generated. By diflusing the diluted developing
solution M at the first rotational speed which 1s a relatively
high speed, the dissolved product U 1s discharged from the
outer peripheral portion of the waler W together with the
diluted developing solution M. In FIG. 8, during the course
ol accelerating the water W to the first rotational speed, for
example, the rotational speed 1s reduced to 200 rpm after the
rotational speed reaches 400 rpm. By performing the speed
reduction 1n this way, an inertial force generated in the
circumierential direction of the water W as well as a
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centrifugal force acts on the diluted developing solution M
existing on the wafter W. This makes 1t possible to more
uniformly diffuse the diluted developing solution M. When
accelerating the water W to the first rotational speed, 1t 1s not
necessarily required to perform the speed reduction illus-

trated 1n FIG. 8.

After the rotational speed of the waler W reaches the first
rotational speed, the rotation at the first rotational speed 1s
maintained for, e.g., 0.5 second. Thereafter, the rotational
speed of the water W 1s decelerated to stop the water W. In
this case, the deceleration at the time of decelerating the
waler W 1s also 3,000 rpm/second (time t, to t; 1n FIG. 8).
During the time period between time t, and time t;, the
developing solution 1s continuously supplied from the dilu-
tion-purpose developing solution supply nozzle 158.

Next, the water W 1s stopped and the supply of the
developing solution Q from the dilution-purpose developing
solution supply nozzle 158 1s stopped. The dilution-purpose
developing solution supply nozzle 158 is retracted from
above the waler W. As illustrated 1n FIG. 12, the developing
solution supply nozzle 161 1s moved to the upper side of the
central portion of the waler W. At this time, a gap having a
predetermined size 1s formed between the lower end surface
161a of the developing solution supply nozzle 161 and the
upper surface of the water W. The size of the gap 1s
approximately from 0.5 mm to 2 mm.

Subsequently, the developing solution Q 1s supplied from
the developing solution supply nozzle 161, thereby forming
a liquid pool of the developing solution Q between the lower
end surface 161a of the developing solution supply nozzle
161 and the water W as 1illustrated 1n FIG. 13 (developing
solution liquid pool forming step, Step T4 1n FIG. 7). At the
same time, the developing solution supply nozzle 161 starts
to be moved from the central portion of the water W toward
the outer peripheral portion thereof as illustrated 1n FI1G. 14
while rotating the developing solution supply nozzle 161 by
the rotary drive mechanism 162. In this case, the developing,
solution supply nozzle 161 1s moved through the center of
the water W. At this time, the rotational speed of the
developing solution supply nozzle 161 1n some embodi-
ments may be from 50 rpm to 200 rpm. In the present
embodiment, the rotational speed of the developing solution
supply nozzle 161 1s 130 rpm. The moving velocity of the
developing solution supply nozzle 161 toward the outer
peripheral portion of the water W 1n some embodiments may
be from 10 mm/s to 100 mm/s. In the present embodiment,
the moving velocity of the developing solution supply
nozzle 161 1s 15 mm/s. Furthermore, the rotation direction
of the developing solution supply nozzle 161 1s set to
become opposite to the rotation direction of the wafer W.
This makes it possible to stir the developing solution Q on
the water W and to perform the developing process with
increased in-plane umformaity.

Simultaneously with the start of supply of the developing
solution Q from the developing solution supply nozzle 161,
the water W 1s accelerated to a second rotational speed lower
than the first rotational speed (time t, to t, in FIG. 8). For
example, the second rotational speed 1n some embodiments
may be from 15 rpm to 30 rpm. In the present embodiment,
the second rotational speed 1s 30 rpm. Furthermore, the
acceleration at the time of accelerating the waler W 1s, for
example, 3,000 rpm/second. Thus, as illustrated in FIG. 15,
the developing solution Q 1s gradually supplied from the
central portion of the water W toward the outer periphery
thereof.

If the developing solution supply nozzle 161 comes close
to the outer peripheral portion of the water W, the rotational
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speed of the water W 1s decelerated to a speed lower than the
second rotational speed, tor example, 15 rpm (time t. 1n FIG.
8). At this time, the deceleration 1s, for example, 100
rpmy/second. In this way, by reducing the rotational speed of
the water W alter the developing solution supply nozzle 161
reaches the vicinity of the outer peripheral portion of the
waler W, 1t 1s possible to prevent the developing solution
from falling down to the outside of the waler W due to a
centrifugal force. Then, the developing solution supply
nozzle 161 1s moved to the outer peripheral end portion of
the waler W while maintaining the rotational speed of the
waler W at 15 rpm, thereby supplying the developing
solution to the entire surface of the water W (developing
solution supply step, Step T5 i FIG. 7). At thus time, the
liquid film of the diluted developing solution 1s formed on
the waler W at Step T3, whereby the dissolved product U 1s
discharged from above the wafer W. Therefore, even 1f the
developing solution QQ 1s supplied onto the wafer W, the
generation amount of the dissolved product U 1s suppressed
to a very small amount. As a result, the resist film R existing
on the water W 1s developed without being affected by the
dissolved product U.

Thereatter, if the developing solution supply nozzle 161
reaches the outer peripheral end portion of the water W, the
supply of the developing solution Q from the developing
solution supply nozzle 161 and the rotation of the develop-
ing solution supply nozzle 161 are stopped (time t. 1n FIG.
8). The developing solution supply nozzle 161 1s retracted
from above the water W. Even after the supply of the
developing solution Q) 1s stopped, the rotation of the wafer
W may be maintained for a while 1n order to make uniform
the developing solution Q existing on the water W.

Subsequently, 1f the developing process 1s completed, the
rotational speed of the waler W 1s reduced to stop the water
W. Then, the pure water 1s supplied from, for example, the
pure water supply nozzle 154 onto the water W. Thus, the
rinsing process of the water W 1s performed (Step T6 1n FIG.
7). Consequently, the developing solution (Q and the dis-
solved resist are washed away and the developing process 1s
completed.

After the completion of the developing process, the wafer
W 1s transferred to the heat treatment apparatus 42 by the
waler transier device 70 and 1s subjected to post baking
(Step S6 1n FIG. 7). Then, the temperature of the wafer W
1s adjusted by the heat treatment apparatus 43. Thereafter,
the waler W 1s transierred to the cassette C of a predeter-
mined cassette mounting plate 21 by virtue of the waler
transier device 70 and the wafer transfer device 23, whereby
a series of photolithography steps are completed.

According to the embodiment described above, the liquid
pool of the diluted developing solution M 1s first formed in
the central portion of the water W. Then, the water W 1s
accelerated to the first rotational speed, thereby diffusing the
liquid pool on the entire surface of the water W and forming
the liquad film of the diluted developing solution M on the
surface of the water W (Step 13). At this time, the dissolved
product U 1s formed on the water W by the diluted devel-
oping solution M. By accelerating the water W to the first
rotational speed, the diluted developing solution M and the
dissolved product U are discharged from above the water W.
Then, the liquid film of the developing solution QQ 1s formed
between the waler W and the developing solution supply
nozzle 161 which includes the lower end surface 161a (the
liquid contact surface), for example, parallel to the water W.
The water W 1s rotated while continuing to supply the
developing solution from the developing solution supply
nozzle 161. The developing solution supply nozzle 161 1s
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moved from the central portion of the water W to the outer
peripheral portion thereot, thereby coating the developing
solution QQ on the entire surface of the wafer W. At this time,
the resist film R 1s developed without being afiected by the
dissolved product U because the dissolved product U has
already been removed by the diluted developing solution M
at Step T3. As a result, as 1llustrated in FIG. 16, even when
the developing time 1s made shorter than that of the prior art,
it 1s possible to perform the developing process with
increased mn-plane umiformity. FIG. 16 1s a view 1n which the
degree of a vanation 1n the line width of the resist pattern
within the plane of the water W when the developing
process 1s performed for 30 seconds using the developing
method according to the present embodiment 1s 1llustrated
by color shading on a shot-by-shot basis. It can be confirmed
that 1n FIG. 16, the variation 1n the line width 1s suppressed
substantially at the same level as that of F1G. 27 1n which the
developing time 1s set at 60 seconds as described earlier.
Theretfore, according to the present disclosure, 1t 1s possible
to improve the throughput of the developing process while
securing the in-plane uniformity of the developing process.

Since the developing solution supply nozzle 161 1s moved
toward the outer peripheral portion of the water W while
rotating the developing solution supply nozzle 161 1n the
direction opposite to the rotation direction of the waler W,
it 1s possible to stir the developing solution Q on the wafer
W and to perform the developing process with increased
in-plane uniformity. It 1s not necessarily required to perform
the rotation of the developing solution supply nozzle 161.
According to the study conducted by the present imnventors,
it was confirmed that even when the rotation of the devel-
oping solution supply nozzle 161 i1s not performed, 1t 1s
possible to realize the desired developing accuracy.

A resist for immersion exposure employed 1n recent years
has a large contact angle with a developing solution. Thus,
it 1s not easy to uniformly coat a developing solution on a
resist film. However, 11 the waler W 1s pre-wetted by initially
diffusing the liquid pool of the diluted developing solution
M on the entire surface of the water W through the high-
speed rotation of the water W as 1n the present embodiment,
it 1s possible to expect an eflect of reducing the contact angle
between the resist film R and the developing solution Q (an
cllect of improving the wettability of the developing solu-
tion with respect to the resist film). As a result, it 1s possible
to supply the developing solution to the wafter W with
increased in-plane unmiformity. This makes 1t possible to
turther improve the uniformity of the developing process 1n
the waler plane. Since the contact angle between the resist
film R and the developing solution (Q becomes small, 1t 1s
possible to reduce the supply amount of the developing
solution Q). According to the study conducted by the present
inventors, 1t was confirmed that while about 80 cc of the
developing solution Q 1s needed in the prior art in order to
develop the water W of, e.g., 300 mm 1n size, the use of the
developing method of the present embodiment makes it
possible to reduce the supply amount of the developing
solution (Q to about 43 cc.

Since the diluted developing solution M diluted with the
pure water 1s used when pre-wetting the water W, there 1s no
possibility that development occurs only 1n the dropping
position of the diluted developing solution M, namely 1n the
central portion of the waler W 1n the present embodiment.
Accordingly, 1 this respect, 1t 1s possible to develop the
waler W with increased in-plane uniformity.

In the embodiment described above, when forming the
liquid pool of the diluted developing solution M at Step 12,
the dilution-purpose developing solution Q) 1s supplied onto
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the liquid pool of the pure water P. However, the method of
tforming the liquid pool of the diluted developing solution M
1s not limited to the content of the present embodiment. For
example, the diluted developing solution M diluted with the
pure water in advance may be supplied to the dilution-
purpose developing solution supply nozzle 158. For
example, as illustrated 1n FIG. 17, the liquid pool of the
diluted developing solution M may be formed by directly
supplying the diluted developing solution M in the form of
the resist film R. By doing so, 1t 1s possible to omit Step T1
at which the liquid pool of the pure water P 1s formed. This
makes 1t possible to further improve the throughput of the
developing process. In this case, the dilution-purpose devel-
oping solution supply nozzle 158 serves as a diluted devel-
oping solution supply nozzle.

In the embodiment described above, when forming the
liquad film of the diluted developing solution M at Step 13,
the developing solution Q 1s supplied from the dilution-
purpose developing solution supply nozzle 158. However,
the supply of the developing solution Q at the time of
forming the liquid film of the diluted developing solution M
may be performed by the developing solution supply nozzle
161. In this case, for example, as illustrated 1n FIG. 18, the
developing solution supply nozzle 161 1s brought into con-
tact with the liquid pool of the pure water P. In this state, the
dilution-purpose developing solution Q 1s supplied. Thus,
the developing solution Q 1s diluted by the pure water P. The
liquid film of the diluted developing solution M 1s formed on
the water W by rotating the water W at the first rotational
speed at Step T3.

When forming the liquid film of the diluted developing
solution M with the developing solution supply nozzle 161,
the diluted developing solution M may be supplied from the
developing solution supply nozzle 161. As illustrated in FIG.
19, the liquid pool of the diluted developing solution M may
be directly formed between the water W and the developing
solution supply nozzle 161. Even 1n this case, the liquid film
of the diluted developing solution M 1s formed on the water
W by rotating the water W at the first rotational speed at Step
T3.

In the case where both the developing solution Q and the
diluted developing solution M are supplied from the devel-
oping solution supply nozzle 161, a developing solution pipe
250 for supplying the developing solution Q and a diluted
developing solution pipe 251 for supplying the diluted
developing solution M are connected to the developing
solution supply nozzle 161 as illustrated in FIG. 20. Fur-
thermore, 1n the case where the rotary drive mechanism 162
1s not 1nstalled 1n the developing solution supply nozzle 161,
the developing solution pipe 250 and the diluted developing
solution pipe 251 may be merged within the developing
solution supply nozzle 161 as illustrated in FIG. 21. In this
case, the developing solution supply nozzle 161 illustrated
in FIGS. 20 and 21 serves also as a diluted developing
solution supply nozzle. In other words, the supply hole 1615
1s shared by the developing solution supply nozzle 161 and
the diluted developing solution supply nozzle.

In the embodiment described above, the supply hole 1615
1s formed only in the central portion of the developing
solution supply nozzle 161. However, for example, as 1llus-
trated in FIG. 22, a plurality of supply holes 1615 may be
formed on the lower end surface 161a of the developing
solution supply nozzle 161. By forming the plurality of
supply holes 1615, it 1s possible to uniformly supply the
developing solution Q or the diluted developing solution M
to the lower end surface 161a.
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In the embodiment described above, the pure water sup-
ply nozzle 154, the dilution-purpose developing solution
supply nozzle 158 and the developing solution supply nozzle
161 are respectively supported by diflerent arms 151, 152
and 153. However, the pure water supply nozzle 154, the
dilution-purpose developing solution supply nozzle 158 and
the developing solution supply nozzle 161 may be supported
by a single arbitrary arm. In this case, for example, as
illustrated 1n FIG. 23, a pure water pipe 252 for supplying
the pure water P may be 1nstalled 1n the developing solution
supply nozzle 161.

In the embodiment described above, at step T4, the
developing solution Q 1s supplied from the developing
solution supply nozzle 161 disposed at the central portion of
the water W, thereby forming the liquid pool at the central
portion of the waler W. Thereatter, the developing solution
supply nozzle 161 1s moved from the central portion of the
waler W toward the outer peripheral end portion thereof
while supplying the developing solution Q, thereby supply-
ing the developing solution to the entire surface of the water
W. However, the method of supplying the developing solu-
tion Q to the entire surface of the water W 1s not limited to
the content of the present embodiment. For example, as
illustrated 1 FIG. 24, the liqud pool of the developing
solution () may be formed in the outer peripheral end portion
of the waler W by the developing solution supply nozzle 161
at step T4. Therealter, the developing solution supply nozzle
161 1s moved to the central portion of the wafer W while
supplying the developing solution Q, thereby supplying the
developing solution QQ to the entire surface of the water W.
Even 1n this case, 1t 1s possible to develop the resist film R
without being affected by the dissolved product U because
the dissolved product U has already been discharged from
above the waler W together with the diluted developing
solution M at step 13

According to the study conducted by the present mnven-
tors, 1t was confirmed that the in-plane uniformity of the
developing process 1s improved by moving the developing
solution supply nozzle 161 from the outer peripheral end
portion of the water W toward the center portion thereof as
illustrate 1n FIG. 24. The reason 1s supposed as follows.
Since the dilution developing solution M 1s supplied to the
center portion of the wafer W at step 13, a slight difference
in the contact time with the diluted developing solution M 1s
generated 1n the central portion of the water W and the outer
peripheral portion thereof. Furthermore, the development
occurs slightly by the developing solution M also. There-
fore, the line width tends to become slightly thicker in the
outer peripheral portion of the water W than 1n the central
portion thereof. By forming the liquid pool of the developing,
solution Q in the outer peripheral end portion of the water
W and then moving the developing solution supply nozzle
161 toward the central portion of the water W as 1illustrated
in FI1G. 24, the diflerence 1n the contact time with the diluted
developing solution M, which 1s generated at step T3, 1s
mitigated. Thus, 1t 1s supposed that the in-plane uniformity
of the developing process 1s further improved.

According to the present disclosure in some embodi-
ments, 1t 15 possible to improve the throughput of the
developing process while securing the mn-plane uniformity
of the developing process.

While some preferred embodiments of the present disclo-
sure have been described with reference to the accompany-
ing drawings, the present invention 1s not limited to these
embodiments. It will be apparent to those skilled 1n the art
that different changes or modifications may be concerved
without departing from the spirit of the present disclosure
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defined in the claims. It 1s to be understood that these
changes or modifications may well fall within the technical
scope of the present disclosure. The present disclosure 1s not
limited to the aforementioned embodiments but may employ
different forms. The present disclosure may be applied to a
case where the substrate 1s a substrate other than the wafer,
such as a flat panel display (FPD), a mask reticle for a photo
mask or the like.

The present disclosure 1s useful when developing a resist
film formed on a substrate.

What 1s claimed 1s:

1. A developing apparatus for supplying a developing
solution onto a substrate and developing a resist film formed
on the substrate and provided with a predetermined exposed
pattern, comprising:

a substrate holding part configured to hold a rear surface
of the substrate and to rotate the held substrate about a
vertical axis:

a developing solution supply nozzle including a liquid
contact surface and a supply hole configured to supply
the developing solution to the liquid contact surface;

a moving mechanism configured to move the developing
solution supply nozzle;

a pure water supply nozzle configured to supply pure
water onto the substrate;

another moving mechanism configured to move the pure
water supply nozzle; and

a controller configured to perform a control to: form a
liquid pool of a diluted developing solution diluted with
the pure water 1n a central portion of the substrate; after
forming the liquid pool, form a liquid film of the diluted
developing solution on a surface of the substrate by
accelerating rotation of the substrate to diffuse the
liquid pool of the diluted developing solution on the
entire surface of the substrate; and after forming the
ligmad film, supply the developing solution onto the
substrate by supplying the developing solution from the
developing solution supply nozzle while securing a gap
having a predetermined size between the developing
solution supply nozzle and the substrate, and by mov-
ing the developing solution supply nozzle 1n a radial
direction passing through a center of the substrate while
forming a liquid pool of the developing solution
between the substrate and the liquid contact surface of
the developing solution supply nozzle,

wherein the controller 1s further configured to accelerate
the substrate to a first rotational speed when forming
the liquid film of the diluted developing solution, and
to move the developing solution supply nozzle from the
central portion of the substrate to an outer peripheral
portion of the substrate while rotating the substrate at a
second rotational speed lower than the first rotational
speed when supplying the developing solution, and

wherein the controller 1s further configured to, when
forming the liquid film of the diluted developing solu-
tion, accelerate the substrate, which 1s not rotating, to
a third rotational speed lower than the first rotational
speed, and then decelerate the substrate to a fourth
rotational speed lower than the third rotational speed,
and then accelerate the substrate to the first rotational
speed.

2. A developing apparatus for supplying a developing
solution onto a substrate and developing a resist film formed
on the substrate and provided with a predetermined exposed
pattern, comprising:
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a substrate holding part configured to hold a rear surface
of the substrate and to rotate the held substrate about a
vertical axis:

a developing solution supply nozzle including a hiquid
contact surface and a supply hole configured to supply 5
the developing solution to the liquid contact surface;

a moving mechanism configured to move the developing
solution supply nozzle;

a diluted developing solution supply nozzle configured to
supply a diluted developing solution onto the substrate; 10

another moving mechanism configured to move the
diluted developing solution supply nozzle; and

a controller configured to perform a control to: form a
liquid pool of the diluted developing solution 1 a
central portion of the substrate; after forming the liquid 15
pool, form a liqud film of the diluted developing
solution on a surface of the substrate by accelerating
rotation of the substrate to diffuse the liquid pool of the
diluted developing solution on the entire surface of the
substrate; and after forming the liquid film, supply the 20
developing solution onto the substrate by supplying the
developing solution from the developing solution sup-
ply nozzle while securing a gap having a predetermined
s1ze between the developing solution supply nozzle and
the substrate, and by moving the developing solution 25
supply nozzle 1n a radial direction passing through a
center of the substrate while forming a liquid pool of
the developing solution between the substrate and the
liquid contact surface of the developing solution supply
nozzle, 30

wherein the controller 1s further configured to accelerate
the substrate to a first rotational speed when forming
the liquid film of the diluted developing solution, and
to move the developing solution supply nozzle from the
central portion of the substrate to an outer peripheral

18

portion of the substrate while rotating the substrate at a
second rotational speed lower than the first rotational
speed when supplying the developing solution, and

wherein the controller 1s further configured to, when
forming the liquid film of the diluted developing solu-
tion, accelerate the substrate, which 1s not rotating, to
a third rotational speed lower than the first rotational
speed, and then decelerate the substrate to a fourth
rotational speed lower than the third rotational speed,
and then accelerate the substrate to the first rotational
speed.

3. The apparatus of claim 2, wherein the supply hole 1s
shared by the developing solution supply nozzle and the
diluted developing solution supply nozzle.

4. The apparatus of claim 1, further comprising a dilution-
purpose developing solution supply nozzle configured to
supply a dilution-purpose developing solution onto the sub-
strate,

wherein the controller 1s further configured to, when

forming the liquid pool of the diluted developing
solution, form a liqmd pool of the pure water by
supplying the pure water from the pure water supply
nozzle to the central portion of the substrate which 1s
not rotating, and then supply the dilution-purpose
developing solution from the dilution-purpose devel-
oping solution supply nozzle onto the liquid pool of the
pure water.

5. The apparatus of claim 2, wherein the controller 1s
turther configured to, when forming the liquid pool of the
diluted developing solution, supply the diluted developing
solution, which 1s diluted with the pure water 1n advance,

from the diluted developing solution supply nozzle to the
central portion of the substrate which 1s not rotating.
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